e compared the mortality and outcome of 182 patients with proximal fractures of the femur after immediate and delayed surgical treatment. Seventy-nine patients were operated upon within six hours of the fracture (group 1) and 103 patients were operated upon after this period of time (group 2).
Approximately 1 in 1000 people each year in industrialised countries suffers a proximal fracture of the femur. 1 The mortality rate after six months is reported to range between 12% and 41%. [2] [3] [4] [5] [6] [7] [8] [9] Davis et al 10 reported a mortality rate of 24% and Sikorski and Senior 9 and Lucke, Phillip and Krause 11 13% and 18% respectively after three months.
Others have reported mortality rates of between 14% and 36% after one year. 2, [12] [13] [14] [15] [16] [17] [18] On account of the advancing life expectancy, it is estimated that the numbers of these fractures will be doubled by the year 2040. 19 Currently, US$8.7 billion are spent each year on this condition. 20 With the exception of operations which are undertaken to preserve the femoral head and, therefore, are considered emergency procedures, there is no unanimity of opinion regarding the optimal timing of surgery after the fracture or after admission to hospital. 21, 22 Some authors recommend early surgical treatment. 6, 8, 9, [23] [24] [25] [26] [27] [28] Lorhan and Shelby, 29 however, do not recommend this as they reported a higher mortality rate for operations undertaken within 12 hours. In patients operated on within 24 hours, Kenzora et al 15 also observed a higher mortality rate. Yet others recorded no effect of the pre-operative time interval on the mortality rate. 10, 30, 31 The term 'early intervention' does not represent a standard parameter in the published literature. While most studies use the term 'early' to define surgery carried out within 24 hours of admission or injury, 6, 8, 15, 21, 25, 27, 28, 32 a period of 48 hours 1, 10, 24 or even 72 hours has been termed 'early' by others. 33 Based on the principle that the aged patient with a proximal femoral fracture will never be in such a good condition as upon arrival in hospital except for those in which the fall is of medical or neurological origin, we operate on these patients as early as possible.
The aim of our study was to determine the influence of the timing of surgery on mortality and clinical results six months after surgery. Very early stabilisation of the fracture, within six hours of trauma, was compared with delayed stabilisation after this period.
Patients and Methods
Between October 1997 and September 1998, 193 consecutive patients were treated for a fracture of the proximal femur. We excluded patients from the study because a conservative treatment had been chosen (n = 5), the fracture had occurred within a secondary tumour (n = 2), surgery was delayed for medical reasons (n = 2, oral anticoagulation, suspected stroke), or the exact time of the injury could not be determined (n = 2). Thus, 182 patients were divided into two groups according to the interval between the fracture and surgery. Group 1 comprised 79 patients with an interval of less than six hours, while group 2 comprised 103 patients with an interval of more than six hours. We were unable to influence the length of the pre-clinical time period. None of the surgeons or anaesthetists was informed about the design of the trial.
W Hip
All patients underwent operative treatment as early as possible. Medical fitness for surgery was assessed by the anaesthetist on duty. In our institution, operations for such fractures are usually carried out during the day and night. Delays of more than 24 hours between the time of injury and the beginning of surgery (n = 23) were due to secondary referral (n = 13) from neighbouring hospitals (four without orthopaedic surgeons at a distance of 50 km), secondary evidence of fracture (repeated radiographs or CT; n = 3), nonavailability of operating theatres or personnel due to other single or multiple trauma (n = 4), delayed consent to surgery after the patient had consulted his/her family (n = 2) and delayed presentation of a patient who had underestimated the severity of the injury (n = 1). No patient had medical or neurological reasons for delayed surgery. Delays of less than 24 hours were considered to be due to administrative reasons.
At the time of admission, demographic data were recorded as well as concomitant diseases, the American Society of Anesthesiologists Grading (ASA), 34 the type of fracture, the surgical procedure, the qualification of the surgical and anaesthetic team, the duration of surgery and anaesthesia, the duration of prophylaxis for thrombosis, the peri-operative administration of antibiotics and in-hospital complications. An observation period of six months was chosen and at this time the following parameters were recorded by telephone to the patients or their family; pain, independence, mobility, re-admission and mortality. The methods of assessing these parameters are shown in Tables I  to III . Post-operative regimen. Analgesia comprised non-steroidal anti-inflammatory drugs under gastric protection with (14) 57 (72) 11 (14) 22 ( (24) 5 (6) 10 (10) 64 (62) 22 ( famotidine. Piritramide was given to patients with severe pain. Heterologous blood was given to patients with a haematocrit < 25% and those with symptoms of anaemia. Perioperative enoxiparin-sodium (2 x 20 mg daily for four days, thereafter 1 x 40 mg daily until discharge) was given to all patients as anti-thrombotic prophylaxis.
Statistical analysis. Data were tested for normal distribution with the Kolmogorov-Smirnov test. Normally distributed independent samples were tested for differences with the Student's t test and non-normally distributed continuous data with the Mann-Whitney U test, which was also used for ordered categories. Other contingency tables were tested for differences with the chi-squared test. Categorised data (living circumstances, mobility, walking aids, concomitant fractures, type of fracture, nature of operation, qualification of the surgeon and anaesthetist, category of pain, were given values from 1 to a maximum of 7 pre-operatively and at follow-up (living circumstances, mobility, walking aids), as were changes in categories for the observed values of each patient. Categorised data were also calculated as a measure of the change in the respective sample. The survival probability in both groups was additionally calculated using the log-rank test. P values < 0.05 were considered to be statistically significant.
Results
Group 1 comprised 79 patients with a mean age of 77.1 years (36 to 96). Before sustaining the fracture, 24 patients (30%) had lived alone at home, 44 (56%) had lived at home in a family environment, and 11 (14%) had lived in homes for the elderly; 18 (23%) had been transferred from another hospital. For these patients, the mean time between the fracture and arrival in hospital was 1.63 ± 0.88 hours (0.33 to 4.08); between arrival in hospital and the skin incision it was 2.45 ± 1.05 hours (0.67 to 4.92). The mean time between the fracture and the start of surgery was 4.05 ± 1.01 hours (1.67 to 5.92).
The mean age of the 103 patients in group 2 was 79.3 years (23 to 95). Before sustaining the fracture 29 patients (28%) had lived alone at home, 57 (55%) had lived in a family environment and 17 (17%) in homes for the elderly; 31 (30%) had been referred from another hospital. The mean time between the fracture and admission was 34.97 ± 104.35 hours (0.25 to 622), between admission and the skin incision 8.73 ± 10.5 hours (1.33 to 69). The mean time between the fracture and the start of surgery was 42.97 ±107.5 hours (6.33 to 671). Seven patients (7%) were operated on more than seven days after the fracture. For the remaining 96 patients the mean period between the fracture and the operation was 16 ± 18 hours (6.33 to 149).
Pre-operative data of the patients for both groups are summarised in Table I . Group 1 included 20 diabetics, 12 more than group 2 (p = 0.002; chi-squared test). Similarly, group 1 had four more patients with malignancies than group 2, but this difference was not significant and there The Kaplan-Meier survival curve for patients treated within six hours (group 1) and those treated more than six hours (group 2) after sustaining a proximal femoral fracture during the observation period of six months (comparison of group difference with the log-rank test p = 0.046).
were no significant differences for any of the other pre-operative data.
The results of surgery and post-operative outcome for both groups are summarised in Tables II and III. All patients were followed up. Four patients (5%) in group 1 and nine in group 2 (9%) died during the in-hospital period. After six months, eight patients (10.1%) in group 1 and 22 (21.4%) in group 2 had died (p < 0.05, chi-squared test and log-rank test). The Kaplan-Meier survival curve is shown in Figure 1 .
The relationship between the timing of surgery and mortality is shown in Table IV . The later the operation was carried out, the higher was the mortality. Statistically significant differences could not only be detected between groups 1 and 2, but also when mortality between patients operated on earlier or later than 12, 18, and 24 hours was compared (p < 0.05, chi-squared test). Furthermore, the 168 patients operated on earlier than 36 hours had no significant benefit compared with the 14 patients operated on after that time. One of the seven patients in group 2 who was operated on after more than seven days had died. Thus, the mortality for the 96 patients, operated on between six hours and seven days, was 21.9% (p < 0.04 for comparison with group 1). When patients in group 1 were compared with those operated on between six and 36 hours, no statistically significant difference could be found (p = 0.09; chi-squared test).
Ten patients (13%) in group 1 developed serious, but treatable complications while in hospital (one pneumonia, three heart failure, one gastro-intestinal haemorrhage, one delirium tremens, three hypoglycaemia and one cholecystitis), while nine patients in group 2 (9%) developed such complications (three pneumonia, one acute renal failure, one gastro-intestinal haemorrhage, one pneumothorax, one hypoglycaemia, one paralytic ileus and one delirium tremens). Group 1 had three fracture-related re-operations during the in-hospital stay. One patient had to undergo revision for an implantation error of a total endoprosthesis; haematomas needing evacuation were encountered twice. Group 2 had four fracture-related re-operations: two deep infections that were drained and two haematomas needing evacuation.
We re-admitted 12 patients from group 1 mainly for medical reasons. Six required further surgery to the same hip; none of these patients died within six months. In group 2, ten patients were re-admitted 14 times in all; two readmissions were directly related to the fracture. One patient had a dislocation of a hemiprosthesis, and in a further patient there was a post-operative fracture in the distal region around a Gamma nail. Of these patients, three died after six months.
With regard to post-operative data, such as mobility, pain, blood loss, length of hospital stay (17.1 ± 10.2 days for group 1 and 18.4 ± 12.3 days for group 2) and complications, no significant differences were found between the two groups. The mean haemoglobin values on the day of surgery were 8 g/l less (p < 0.05, Mann-Whitney U test) in group 1 but both groups had similar values on the first post-operative day.
Likewise, the surgeon's or anaesthetist's qualification or the surgical technique had no influence on differences in mortality. Of a total of 150 operations which were undertaken or supervised by consultants, 24 (16%) patients died within six months. Six (19%) of 32 patients died after operations which had been carried out by residents without supervision. Of 129 patients whose anaesthetic was given by consultants, 22 (17%) died within six months. Of 52 patients whose anaesthetic was given by juniors, eight (15%) died within six months. Nine of 41 patients (22%) whose fractures were stabilised with Gamma nails died, 12 of 68 (18%) with a dynamic hip screw, eight of 60 (13%) patients treated with a prosthesis and one of 13 patients (8%) with fractures fixed by screws died.
Discussion
The question of the optimum timing of surgery has been addressed in several studies and remains controversial. In a group of 1169 patients who were studied prospectively, Kitamura et al 33 recorded no influence of the pre-operative time interval on mortality. Hoenig et al 1 described a shorter hospital stay in patients who underwent early surgery but no difference with regard to mortality or complications. The study by Kitamura et al 33 used the term 'early' to describe operations carried out within 72 hours, whereas that by Hoenig et al 1 used it to describe operations undertaken within 48 hours. De Palma et al 30 studied 270 patients and recorded no influence of the pre-and post-operative hospital stay on mortality. Waiting times for surgery in the ward ranged between one and 36 days. Davis et al 10 recorded a positive effect of early treatment only with regard to the occurrence of urinary tract infection, but no difference in mortality after three months. They also defined early interventions as those carried out within 48 hours.
Kenzora et al 15 included 406 patients in a retrospective study. In patients operated on within 24 hours they recorded a mortality rate of 34% after one year. In patients operated on between the second and fifth day, the mortality rate was below 11%. Only operations undertaken after the fifth day had a higher mortality rate of 35%. They found no explanation for this high rate of mortality in patients who underwent early surgery; they partly attributed it to the uncertain time period between the fracture and admission to hospital. As the time of the injury was not registered, the possibility of longer immobility until the patient was discovered and the associated physical deterioration due to dehydration or blood loss, could not be taken into account. They recommended initial stabilisation of the patient's medical condition for one or two days prior to fixation of the fracture. Similar results were achieved by Lorhan and Shelby; 29 a higher mortality rate in patients operated on within 12 hours. The differing data from these studies, which were undertaken at very different times, are related to the variety of surgical procedures and the pre-selection of patients in some studies. 10, 15, 30 Plietker et al 25 recommend surgery within the first 24 hours and recorded a mortality rate of 3% within the first two weeks. Significantly higher mortality rates were reported by Todd et al 28 in patients operated on after 48 hours. Based on an observation of 159 patients, Böhnel and Villiger 6 proposed undertaking stabilisation as early as possible, at the latest on the following day. They found extensive medical preparation to be of no benefit. Sikorski and Senior 9 and Dolk 23 believed that early surgery would bring better results. In a subsequent paper, however, Dolk 35 found no difference in mortality and length of hospital stay between patients operated on within eight hours and those operated on within 48 hours and concluded that there was no reason to undertake early surgery. In a review of 765 proximal femoral fractures, Parker and Pryor 24 recommended surgical treatment within 48 hours of admission. The incidence of age-related post-operative complications was significantly higher in those patients who underwent surgery on or after the third day compared with those who underwent surgery on the first or second days; however, they recorded no difference in mortality rates. Raunest et al 26 favoured immediate surgery as a means of reducing the complication rate. In 315 fractures, Zuckerman et al 36 recorded an increase by a factor of three in the rate of mortality at one year in relatively healthy patients with a maximum of two co-morbid conditions operated on no earlier than 48 hours; but a twofold increase in patients with three or more co-morbid conditions who were operated on during the first two days. Similar results have been published by Sexson and Lehner 17 who selected a time limit of 24 hours. Perez et al 8 recorded no influence of the time interval between admission and operation on mortality due to heart failure or myocardial infarction, but a significant increase in pneumonia and pulmonary embolism as the cause of death in patients operated on after 24 hours. These calculations were based on a study of 22 000 post-mortem reports including 581 deaths following hip fracture.
Very few authors have recorded the pre-operative time interval from the injury. 8, 10, 33 Using the time of admission to hospital for the start of calculations prevents accurate assessment, as there is no information as to whether or how long the patient remained undiscovered without fluid or food intake at the site of the injury. As it has been common practice for many years to register the time of the accident, we were able to calculate the pre-operative time interval starting from the time of injury. This information is dependent on patients or ambulance staff, and is inexact. Those patients in which the time of injury could not be determined were excluded from the study. Patients whose in-patient preparation took at least six hours were included in the study even if the exact time of the accident was unknown. Most studies have used 24 hours as the cut-off point to distinguish between early and late surgery while others have used 48 or 72 hours. 1, 6, 8, 10, 15, 21, 24, 25, 27, 28, 32, 33 Our limit of six hours after the injury is the shortest time selected so far in the literature. In a recent study we were able to show that, given a medical team of equal qualification and size, operating on fractures of the hip by night is as appropriate as by day. 37 The feasibility of operating on patients so soon after the injury is dependent on the number of available surgeons. At least one consultant and two residents are permanently present in our department.
As many patients who undergo surgery for proximal fractures die within four to six months due to complications of the fracture or surgery, and since the mortality rate thereafter returns to that of non-injured individuals of corresponding age, we chose six months as the period of followup. [2] [3] [4] [5] There was no significant difference between the two groups with regard to mobility, age, social environment, previous disease other than diabetes, general medical condition, type of fracture, surgical procedure, the surgeon's and anaesthetist's experience, the form of anaesthesia, duration of surgery, antithrombotic prophylaxis, post-operative mobilisation and additional injuries. There were four patients (5% and 4%) in each group under 60 years of age, and it therefore seemed appropriate to include young patients with high energy hip fractures. The fact that there were more diabetics in the early group allows different interpretations. Patients with diabetes have a higher perioperative mortality and morbidity, however, their medical condition is usually good as they are regularly reviewed by their physicians.
The mortality rate for those patients treated within six hours was significantly lower than that for those treated after this time and it was highest for patients who were operated on after more than 36 hours. Excluding the seven patients who were operated on after more than seven days, the difference between group 1 and the remaining patients of group 2 was even higher in regard to mortality. These data indicate that the very unequal distribution of times to surgery in each group, whose range was four hours in group 1, and 27 days in group 2, did not influence the main finding of significant different mortality rates, even when operations within six hours were compared with operations undertaken between six hours and seven days whose range was smaller.
Examining the data in more detail, we also found significant differences in mortality rates when patients were divided into groups operated on earlier or later than 12, 18, or 24 hours. Although patients who underwent surgery within six hours had the lowest mortality rate, patients operated on within 24 hours did better than those in whom surgery was further delayed. The mortality rate rose quite dramatically after 36 hours. These data were confirmed by the finding that the results when surgery was undertaken within six hours and when it was undertaken between six and 36 hours were similar. The comparison of the outcome after surgery earlier and later than 36 hours did not reveal any difference. Further sub-division of groups should be viewed critically as homogeneity of the demographic data was not tested.
The significantly longer hospital stay recorded by Hoenig et al 1 and by Fox et al 38 for patients operated on later was not confirmed in our study. The mean hospital stay of 18 days in group 2 was one day more than in group 1 and the longer stay is due to delayed mobilisation following previously delayed surgical treatment.
In summary, in proximal hip fractures, particularly in elderly patients, no one factor alone can influence postoperative mortality. In addition to advanced age, more than three co-morbid conditions, social dependence, cachexia, anaemia, poor general condition and cognitive dysfunction are pre-operative risk factors for a higher mortality rate. 16, 20 With regard to the issue as to whether the pre-operative time interval influences mortality, we observed that although the results could be biased because patients were not randomly assigned to immediate or delayed treatment, the data suggest that surgery within six hours of the fracture may be associated with lower mortality rates. With delays of more than six hours, early treatment should still be attempted, as better results seem to be achieved after 24 hours when compared with a later time. With the number of patients available in our study a significant benefit could not be confirmed for patients operated on within six hours compared with those operated on within 36 hours. We recommend early surgery because after a delay of more than 36 hours an increase in mortality rate can be expected. In order to avoid a negative selection for the delayed group, patients who had medical or neurological contra-indications for early surgery were excluded from the study. Due to the design of the study it cannot be assumed that there were patients in the delayed group whose medical condition was poorer.
